Abstract Multivariate analysis including correlation, multiple stepwise linear regression, and cluster analyses were applied to investigate the heavy metal concentrations (Cd, Cu, Fe, Ni, Pb, and Zn) in the different parts of bivalves and gastropods. It was also aimed to distinguish statistically the differences between the marine bivalves and the gastropods with regards to the accumulation of heavy metals in the different tissues. The different parts of four species of bivalves and four species of gastropods were obtained and analyzed for heavy metals. The multivariate analyses were then applied on the data. From the multivariate analyses conducted, there were correlations found between the soft tissues of bivalves and gastropods, but none was found between the shells and the soft tissues of most of the molluscs (except for Cerithidea obtusa and Puglina cochlidium). The
significant correlations (P < 0.05) found between the soft tissues were further complemented by the multiple stepwise linear regressions where heavy metals in the total soft tissues were influenced by the accumulation in the different types of soft tissues. The present study found that the distributions of heavy metals in the different parts of molluscs were related to their feeding habits and living habitats. The statistical approaches proposed in this study are recommended for use in biomonitoring studies, since multivariate analyses can reduce the cost and time involved in identifying an effective tissue to monitor the heavy metal(s) bioavailability and contamination in tropical coastal waters.
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Introduction
Presently, most biomonitoring studies focused on the analysis of the different parts of the molluscs to monitor metal contamination and bioavailabilities in coastal areas. In gastropods, a study of heavy metals in their different parts was conducted by AbdAllah and Moustafa (2002) who determined Pb and Cd levels in the shell, headfoot, and digestive gland of the marine snail, Nerita saxtilis. In bivalves, some researchers had conducted similar studies. Szefer et al. (2006) used the byssus and soft tissues of marine mussels to monitor metal contaminations. Sato et al. (1997) studied the distributions of heavy metals in different soft tissues such as the mantle, muscle, ligament, foot, remainder, gill, and digestive gland of mussels. In Malaysia, Yap et al. (2003d Yap et al. ( , 2004 Yap et al. ( , 2006a used the different soft tissues of the greenlipped mussel Perna viridis to monitor the metal contamination and bioavailabilities in the western and southern coasts of Peninsular Malaysia. Monitoring of heavy metal contamination and bioavailabilities using the different parts of molluscs is very interesting because it could reduce the inaccuracies of determining the heavy metal levels by using the total soft tissues (Yap et al. 2006b ). The spawning season of the molluscs and environmental factors may contribute to the wide variability of heavy metal concentrations in the total soft tissues. Therefore, a study on the distribution patterns of heavy metals in the different parts of molluscs using multivariate analysis is interesting from the biomonitoring point of view.
As reported in the literature, the distributions of heavy metal concentrations in the different parts of molluscs are influenced by a few factors. Differences in the surface contact of the different tissues, differences in affinities of metals to binding sites of metallothioneins (Roesijadi 1982; Viarengo et al. 1985) , and different rates of accumulation and excretion of metals in the different tissues (Gundacker 1999) are among the factors affecting the distributions of heavy metals in molluscs.
The present study focused on the use of correlation, multiple stepwise linear regression, and cluster analyses for determining the similarities and differences of metal distributions in the different tissues of gastropods and bivalves. Correlation and cluster analyses (CA) are the most common multivariate statistical methods used in environmental studies (Miranda et al. 1996; Diaz et al. 2002; Yongming et al. 2006 ), especially in the studies of heavy metals in sediment (Simeonov et al. 2000; Yongming et al. 2006; Mico et al. 2006; Dragovic et al. 2008; Kulahci and Sen 2008) . However, the application of multivariate statistical methods to determine the distributions of heavy metals in marine molluscs are scarce. Only a few studies which reported on the use of cluster analyses in the determination of heavy metals in marine molluscs can be found in the literature. Conti and Cecchetti (2003) reported on the use of CA in classifying heavy metals in Monodonta turbinata, Patella cerulean, and Mytilus galloprovincialis to sites with wide ranges of human activities. Pourang et al. (2005) and Pourang and Dennis (2005) used CA to study the distribution of heavy metals in five sturgeon species and two shrimp species, respectively.
The purpose of CA is to further classify the concentrations of the heavy metals in the different parts of the molluscs on the basis of the similarities of their biological/chemical properties. Hierarchical cluster analysis was applied in this study to assist in identifying relatively homogenous groups of variables. It uses an algorithm that starts with each variable in a separate cluster and combines clusters until only one is left (Kinnear and Gray 2000) . Since the variables had large differences in scaling, standardization was performed before computing proximities. This was done automatically by the hierarchical procedures in a cluster analysis; dendrogram was constructed to assess the cohesiveness of the clusters formed in which correlations among metals can be readily seen. Correlation analysis is also a statistical device for the purpose of measuring the strength or degree of a supposed linear association between two variables, each of which has been measured on a scale with units (Kinnear and Gray 2000) .
Multivariate methods are recommended for use in monitoring studies since they can help reduce the cost of carrying out further environmental surveys (Szefer 2003; Szefer et al. 2006) . The question is "How are differences between bivalves and gastropods (example: habitats and feeding habits) influencing the accumulation of heavy metals by the different tissues of the molluscs?" By using multivariate analysis, the relationships of metal accumulations in different parts of the molluscs in accordance to their differences can be found.
Therefore, the objective of the study was to observe the distribution of heavy metals in the different tissues of tropical bivalves and gastropods using correlation, multiple stepwise linear regression, and cluster analyses.
